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 Energy scarcity has been known to be one of the most noticeable challenges 
in wireless communication system. In this paper, the performance of an 
energy harvesting based partial relay selection (PRS) cooperative system 
with transmit antenna selection (TAS) and outdated channel state information 
(CSI) is investigated. The system dual-hops links are assumed to follow 
Rayleigh distribution and the relay selection is based on outdated CSI of  
the first link. To realize the benefit of multiple antenna, the amplified-and-
forward (AF) relay nodes then employs the TAS technique for signal 
transmission and signal reception is achieved at the destination through 
maximum ratio combining (MRC) scheme. Thus, the closed-form expression 
for the system equivalent end-to-end cumulative distribution function (CDF) 
is derived. Based on this, the analytical closed-form expressions for  
the outage probability, average bit error rate, and throughput for the delay-
limited transmission mode are then obtained. The results illustrated that  
the energy harvesting time, relay distance, channel correlation coefficient, 
the number of relay transmit antennas and destination received antenna have 
significant effect on the system performance. Monte-carol simulation is 
employed to validate the accuracy of the derived expressions. 
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Traditionally, relay nodes within the wireless cooperative network are usually equipped with power-
limited batteries that are infeasible, costly and even impossible to replace in some applications [1, 2].  
As a result of this, energy harvesting (EH) has been considered as a promising solution to alleviate this stated 
energy constraint in wireless system. Therefore, research studies have suggested that batteries can be 
wirelessly recharge using external power sources from free ambient such as solar, wind, thermal and 
vibration [3]. These conventional sources are not always available and mostly suffers from time-varying 
problem and materials inefficiency [4, 5]. Based on this, RF source has been regarded as the best alternative 
means of harvesting energy in wireless communication since it carries both the energy and information at  
the same time without monitoring and maintenance [6]. In this case, two schemes have been suggested in 
literature through which energy can be harvested and this include time switching (TS) and power splitting 
(PS) protocols. In TS protocol, the transmission time is divided into two parts where the receiver nodes spend 
one to harvest energy from the source and the remaining for information transmission. In PS protocol on  
the other hand, the receiver nodes used part of the EH and the other for information processing [7]. 
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The deployment of relays in wireless networks can extend the signal coverage and overcoming  
the channel impairment as a result of fading [8]. Therefore, two strategies have been suggested for relay to 
transmit its received signal to the destination for which include decode-and-forward (DF) and amplify-and-
forward (AF) of relaying system [4, 9]. In DF relaying system, the received signal is fully decoded and  
the decoded copy is retransmitted to the destination. In AF relaying system on the other hand, the received 
signal is simply amplified and forwarded to the destination without decoding leading to its simplicity and 
effective implementation cost [10]. In the wireless cooperative system with multiple relays, numerous relay 
selection techniques have proposed [6] and this include the partial relay selection where selection of relays 
depends on the CSI of the source-relay links or relay-destination links. This thus avoids the issues such as 
high power consumption, overhead and network delays, and can also prolong the network lifetime [11, 12]. 
Unlike the best and opportunistic relay selection approaches, which require global knowledge of the CSI of each 
of the two hops [12, 13] leading to time synchronization, continuous channel feedback and high power 
consumption.  
Reducing the energy consumption of cooperative relaying system through the energy harvesting has 
drawn more attention in the research community has attracted attention in the research community.  
The performance of dual-hop relaying network with three different wireless EH mechanisms at the DF relay 
nodes over the generalized channels was studied [14]. In [15], the performance of a wireless information 
power transfer in AF relay network with multiple antenna over dissimilar channel and the benefit of 
MRC/TAS was exploit for the relay node was investigated. The Ergodic outage and capacity performance of 
wireless power transfer based AF relaying system was presented in [16]. Also, the performance of DF-based 
EH with the source node and the destination employing TAS and MRC respectively was evaluated in [17]. 
The throughput performance of an AF relay based EH under delay-tolerance and limited transmission modes 
was investigated in [7] over Rayleigh fading channels. However, all these aforementioned works are limited 
to a single relay-based EH cooperative systems.  
In case of multiple relay selection, the performance of EH cooperative system with optimal relay 
selection under the CSI and energy side information was investigated in [18]. In addition, incremental relay 
network with EH-based relay selection was proposed in [19] where the selected relay harvesting the largest 
source energy was chosen to forward the information to the destination. In [20], the performance of AF 
relaying energy harvesting system with 𝑘𝑡ℎ  best PRS and energy beamforming over Nakagami-m was 
evaluated. In this work, it was assumed that both the source and the destination are multiple antenna nodes 
and the relay are single antenna nodes. In all these aforementioned studies, perfect CSI was assumed for  
the system. Motivated by this, the performance of the PRS-based EH system under the TAS/MRC is 
investigated in this paper where the relay nodes employ the TAS technique at the relay nodes and maximum 
ratio combining (MRC) scheme at the destination. The exact closed-form expression for the system outage 
probability and average bit error rate are obtained. Utilizing the outage probability, the throughput for  
the system is obtained based on delay-limited transmission mode. The impact of energy harvesting time, 
relay distance, channel correlation coefficient, the number of relay transmit antennas and destination received 
antenna on the concerned system are demonstrated. 
 
 
2. SYSTEM AND CHANNEL MODEL 
In this paper, a dual-hops PRS based energy harvesting system with PRS and outdated CSI is 
presented in Figure 1 (a). The source (S) is equipped with a single transmit antenna and the destination (D) 
has multiple receive antenna 𝑁𝐷. The relay (R) of 𝑁 nodes utilize a single receive antenna and multiple 
transmit antenna 𝑁𝑅
𝑡 . It is assumed that the S-to-R and R-to-D links undergo Rayleigh fading distribution 
without direct link between the source and the destination. The relay nodes employ TAS scheme to select  
the best antenna to forward the signal to the destination through which the instantaneous SNR at 
the destination is maximized. At the destination, MRC is used to combine the transmitted signal from  
the relay node(s). As a result of channel fast fading, it is considered that relay selection is based on outdated 
CSI. Thus, the instantaneous SNR of the first link and the one used for PRS are two correlated random 
variables with channel correlation coefficient 𝜌.The transmission over the links is assumed to be in 
half-duplex mode so as to avoid inter-signal interference. Therefore, the overall systems communication is 
established in two different phases. 
During the first phase, the communication between the S and R nodes is divided into power 
transmission and information transmission as presented in Figure 1(b). Based on this, the 𝑘 − 𝑡ℎ selected 
relay(s) harvest the energy and then receive the information from the source using the time switching-base 
relay (TSR) protocol. Thereafter, the source information is amplified through AF relaying and then convey to 
the destination using TAS technique. In TSR protocol, a total block time slot of 𝑇 is divided into three parts: 
for energy harvesting as 𝛼𝑇, information transmission between S-to-R as (1 − 𝛼)𝑇/2 and information 
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transmission between R-to-D as (1 − 𝛼)𝑇/2. The parameter 𝛼 denotes the energy having time factor at  






ℎ1(𝑘)𝑥(𝑡) + 𝑛𝑅(𝑘)(𝑡) (1) 
 
where 𝑃𝑠 is the source transmitted power, ℎ1(𝑘) is 𝑘 − 𝑡ℎ the channel gain, 𝑑1 is the distance between  
the source and the relay, 𝜗1 denotes the path loss exponent, 𝑥(𝑡) represents the sources information and 𝑛𝑅(𝑘) 
is the AWGN at the 𝑘 − 𝑡ℎ selected relay(s) with zero mean and variance 𝜎1
2. The energy harvested by an 









where 0 ≤ 𝜂 ≤ 1 denotes the energy harvesting efficiency which depends on the rectification process and  
the circuitry. 
During the second phase, the remaining time slot of (1 − 𝛼)𝑇/2 duration is then used by the 𝑘 − 𝑡ℎ 
selected relay(s) to amplifies and retransmit the information to the destination using TAS principle.  
The destination thus employs MRC technique to combine the transmitted signal from the 𝑘 − 𝑡ℎ selected 






ℎ2(𝑘)?̂?(𝑡) + 𝑛𝐷(𝑡) (3) 
 
where ℎ2(𝑘) the channel gain, 𝑑2 is the distance between the relay and destination, 𝜗2 denotes the path loss 
exponent, ?̂?(𝑡) represents the decoded information of 𝑥(𝑡), 𝑛𝐷 is the AWGN at the destination with zero 
mean and variance 𝜎2
2, and 𝑃𝑅(𝑘) is the 𝑘 − 𝑡ℎ selected relay(s) transmit power obtained from energy 
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Since the relays are fixed-gain AF nodes, the equivalent end-to-end instantaneous SNR at the destination for 







where ?̃?1(𝑘) = |ℎ1(𝑘)|
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 for 𝛾𝑇 denotes the average 
transmit SNR. 
In this study, the dual-hops links for the system are characterized by the Rayleigh fading and  
the probability density function (PDF) for the distribution for the S-to-R link under the partial relay selection 




















Also, the corresponding CDF can be obtained by integrating (6) as: 
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𝜉 = 𝛽𝑞 +𝑁𝐷 ,
𝛽𝑞 = ∑ 𝑗𝑞
𝑁𝐷−1
𝑞=1 ,
 𝑗0 = 𝑝,   𝑗𝑁𝐷 = 0, and 
Ω2 = 𝚬 [|ℎ2(𝑘)|
2
]





Figure 1: (a) Partial relay selection system model with energy harvesting  
(b) TSR protocol for power and information transfer at the relay 
 
 
3. STATISTICAL CHARACTERISTICS  
The CDF of the equivalent end-to-end instantaneous SNR at the destination for the concerned 
system can be expressed as [15]: 
 
𝐹𝑒𝑞(𝛾) = 𝑃𝑟 [𝛾1 <
𝜓𝛾𝛾2+𝛾
𝜙𝛾1
| 𝛾2 > 0]  (10) 








By substituting (7) and (8) into (10), the equivalent end-to-end instantaneous SNR for the system can be 
expressed as: 
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By converting the 𝑒𝑥𝑝 (−
μ𝛾
𝜙Ω1𝛾2
) to Meijer-G function form using the identity defined [22, (11)] and 
invert the function using the identity detailed in [23 (8.2.2(14)], then the integral part of (10) can be 
expressed as: 
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1 − 𝜉, 1
−
)  (13) 
 
By putting (13) into (11), then the equivalent end-to-end instantaneous SNR for the system can be obtained as: 
 


















































4. PERFORMANCE ANALYSIS  
The performance analysis of the concerned system in terms of outage probability, ABER and 
throughput are presented in this section. 
 
4.1.  Outage probability analysis 
The outage probability is an important measure for evaluating the performance of a wireless systems over 
fading channels. At a given transmission rate 𝑅 bits/s/Hz, the outage probability can be defined as [25, 26]: 
 
𝑃𝑜𝑢𝑡 = 𝐹𝑒𝑞(𝛾𝑡ℎ) (15) 
 
where 𝛾𝑡ℎ = 2
𝑅 − 1 is the predetermined threshold SNR required to support the fixed transmission rate 𝑅 at 
the source in delay-limited transmission mode. 
By substituting (14) into (15), the system outage probability can be expressed as: 
 

















































4.2.  Average bit error rate 
In this section, the ABER for the system is derived under the BPSK modulation and the ABER for 













2𝑑𝑥  (17) 
 
where 𝛿 = 1 and 𝜔 = 2 for the BPSK modulation. 
By substituting (11) into (17), the ABER for the system can be expressed as: 
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The first integral part of (18) can be solve by using the integral identity detailed in [24, (3.326(2))] 
and the second integral can be solved by inverting the Meijer-G function using the identity defined in  
[23, (8.2.2 (14))] as: 
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4.3.  Throughput analysis 
In this paper, the delay-limited transmission mode is employed for the concerned system and  
the throughput is obtained by determining the outage probability of the system at a fixed source transmission 
rate 𝑅 𝑏𝑖𝑡𝑠/𝑠/𝐻𝑧. Therefore, at a fixed transmission rate with effective communication time of (1 − 𝛼)𝑇/2 
from the source to destination, the throughput 𝜏 can be expressed as [7]: 
 






(1 − 𝑃𝑜𝑢𝑡)(1 − 𝛼) (23) 
 















































1 − 𝜉, 1
−
)  (24) 
 
 
5. NUMERICAL RESULTS AND DISCUSSIONS 
In this section, the numerical results for the system outage probability, ABER, and throughput are 
presented based on the derived analytical closed form expression presented in (16), (22), and (24) 
respectively. Unless specified, the system parameters adopted are set to be: 𝑅 = 2 𝑏𝑖𝑡𝑠/𝑠/𝐻𝑧, Ω1 = 1,  
Ω2 = 1, 𝜂 = 1, 𝜗1 = 2, 𝜗2 = 3, and 𝛾𝑇 = 20𝑑𝐵. Two selection scenarios are considered as follows: worst 
relay selection when 𝑘 = 1  and best relay selection when 𝑘 = 𝑁   
In Figure 2, the effect of S-to-R distance on the concerned system under different relay selection 
scenarios is demonstrated The result shows that as 𝑑1 increases, both the energy harvested and received 
signal at the relay nodes become weaker causing the system outage probability to be degraded. However, 
beyond an optimum distance of 𝑑1 where the distance between the relay and destination becomes smaller,  
the system outage probability starts decreasing even with less transmit power for the relay to transmit 
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information. Irrespective of this, the best relay selection offers the system better performance than the worst 
relay selection. 
The outage performance of the concerned system under different values of channel correlation 
coefficient at different relay distant is illustrated in Figure 3. The results show that as the transmit SNR 
increase the better the system outage probability. In addition, it can be depicted that the increase in 
correlation coefficient the better the system outage performance. However, the as the relays location far from 
the source, the worse the outage performance becomes due to less transmit power received at the relay node 
for information transmission. The results also indicated the simulation result perfectly match with  
the analytical result which proves the correctness of our derived expressions. 
The effect of channel correlation coefficient on the ABER of the system is illustrated in Figure 4 
under different number of antenna at the destination. It can be clearly seen that increase in the number of 
destination antenna leads to reduction in the system error performance. It is also depicted from the results that 
the higher the channel correlation the better the system performance. The results also indicate that  
the analytical results are well agreed with the simulation results which shows the accuracy of our derivation.  
The error performance as a function of energy harvesting time is presented in Figure 5 under number 
of relay selection. It can be shown that as the energy harvesting time increases the better the system error 
performance. This is owing to the large amount of time available for relay nodes to replenished energy for 
information transmission. Also, the increase in the number of relay selection for transmission significantly 





Figure 2. Outage probability vs the S-to-R distance 
under different number of 𝑁𝐷 at 𝛼 = 0.5, 
 𝜌 = 0.6, and 𝑑2 = 6 − 𝑑1 
 
Figure 3. Effect of correlation coefficient on  
the system outage probability under  





Figure 4. Impact of number of antenna at the 
destination 𝑁𝐷 on the system ABER under different 
correlation coefficients at 𝛼 = 0.6, 𝑘 = 𝑁 = 4 
 
Figure 5. ABER performance of the system  
under different relay selection at 
 𝑁 = 4, 𝜌 = 0.6, 𝑁𝐷 = 2, 𝑁𝑅
𝑡 = 2 
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In Figure 6, the throughput performance of the system as a function of energy harvesting time is 
depicted under different average transmit SNR. The results show that the increase in the source transmit 
power, the higher the system throughput because larger energy is harvested at relay nodes. It can be deduced 
from the results that, at high transmit power, the optimum time is very short for energy harvesting and large 
time is used to decode information. Compare with the lower transmit power. The analytical results are 
perfectly matched with the simulation results showing the accuracy of the derived expression. 
The throughput as a function of relay distance from the source under different number of antenna at 
the destination is demonstrated in Figure 7. The results indicate that the system performance is significantly 
improved with the increase in the number of antenna at the destination. It can be seen from the results that at 
small values 𝑑1, the system throughput becomes degraded due to larger distance between the relay and  
the destination, and the outage probability is high at the regime. Thus, at the optimum relay location,  
the system performance starts increasing snice the smaller value of 𝑑2 result into higher system throughput 
with better system outage. As expected, the results depict that the system has better performance under  
the best relay selection compare with worst relay selection. 
The throughput performance of the system at different channel correlation coefficient and 𝑁𝐷 is 
depicted in Figure 8. It can be seen from the results that higher throughput performance can be achieved with 
the best relay selection at high SNR. At low and high SNR, the throughput becomes saturated which shows 
that the outage probability has higher and lower values respectively. In addition, the results also prove that 
increase in the correlation coefficient significantly improve the system performance. The simulation results 





Figure 6. Throughput versus the energy harvesting time under different average transmit SNR at 𝜌 = 0.6, 
𝑁𝐷 = 2, 𝑁𝑅





Figure 7. Effect of S-to-R distance on the system 
throughput under different number of 𝑁𝐷 for 
different relay selection scenarios when 
𝛼 = 0.2, 𝜌 = 0.6, and 𝑑2 = 6 − 𝑑1 
 
Figure 8. Performance system throughput under 
different correlation coefficient and 𝑁𝐷 when  
𝛼 = 0.2 at 𝑘 = 𝑁 = 4 
                ISSN: 2088-8708 
Int J Elec & Comp Eng, Vol. 10, No. 5, October 2020 :  5296 - 5305 
5304 
6. CONCLUSION 
The performance of energy harvesting based PRS cooperative system with TAS and outdated 
channel state is presented. Based on the TS protocol, the analytical closed form expression for the system 
outage probability and ABER are obtained. Through the outage probability, the system throughput for 
delay-limited transmission mode is determined. These exact expressions are verified by the Monte Carlo 
simulation. The results illustrated that the increase in channel coefficient significantly improve the system 
performance. In addition, the system offers better performance with the increase in number of the destination 
receive antenna. Also, the result shows that system outage probability, ABER and throughput performance 
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